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Abstract 
Ventilation is necessary for good indoor air quality (IAQ) in air-conditioned buildings. However, the ventilation 
causes a substantial load and resulting energy consumption of the air-conditioning system particularly for buildings in 
tropical region. To address the issue, this paper investigates the dedicated outdoor air system (DOAS) for the energy-
efficient ventilation. In the study, performance of various DOAS configurations is evaluated for a typical office 
building under the hot and humid climate of Thailand. The results from the simulations using TRNSYS software 
show that the DOAS of the combination of a cooling coil, a run-around coil and an enthalpy wheel is the most energy 
efficient by which it offers the smallest total air-conditioning loads in obedience with the Thai’s ventilation standard 
requirement. 
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1. Introduction 
 
Thailand is situated in a tropical region and is subject to a hot and humid climate. Air-conditioning 
by cooling is essential for human comfort and nowadays reaches saturation in commercial buildings.           
In Thailand, the forced convection air-conditioning system is used to control the indoor air at a desired 
temperature (e.g. 25qC). The cold air is supplied into a room to absorb the thermal loads, and is then 
returned to mix with the fresh air before it is cooled again at the cooling coil of an air handling unit 
(AHU). The fresh air is drawn from outside into a building with sufficient amount to maintain a good 
indoor air quality (IAQ) and to comply with the requirement of the local air ventilation standard [1].  
Depended on the system design, the outdoor air may and may not be pre-conditioned before supplying 
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into the buildings [2]. According to the energy reports from more than two thousands commercial 
buildings in Thailand, the air-conditioning is responsible 50-60% of the total building energy 
consumption [3]. Energy conservation has undertaken in air-conditioning system to curb the increasing 
electricity demand of the buildings and the sector as a whole. However, among various measures, it is 
found that turning-off the ventilation system now become a choice and is implemented in several 
buildings to reduce the tremendous load from the outdoor air with an expectation of using air infiltration 
for the ventilation instead. This practice was made with a misunderstanding and no concern on the merit 
of the air ventilation. A survey result from a research project conducted under a co-funding support from 
the Thailand Research Fund (TRF) and the Electricity Generating Authority of Thailand (EGAT) show 
that the quality of the indoor air is quite poor for such buildings deciding to shut off the ventilation 
system. The measurements indicate the carbon dioxide level exceeding 1,200 ppm. To address the issue 
mentioned above, this paper investigates processes for the air ventilation that can meet both the energy 
efficiency and the acceptable IAQ. The study focuses specifically on the dedicated outdoor air system 
(DOAS) that is operating with parallel with the air terminal units. An appropriate configuration of the 
DOAS is identified for Thailand. 
 
2. Dedicated Outdoor Air System (DOAS) 
 
It is found that all-air air-conditioning system is used to provide both thermal comfort and a good 
IAQ in most of buildings. Various techniques including variable air volume have been introduced to 
improve the air-conditioning performance [4]. However, evidences from studies during past decades 
already show that it is almost impossible that an all-air system can achieve its functions especially air 
ventilation in an energy efficient manner [5-10]. Presently, the DOAS is coming with an interest due to its 
advantages over the all-air system. DOAS is an air-conditioning system that consists of two parallel 
systems: a dedicated outdoor air ventilation system and a parallel air terminal system. Figure 1 shows the 
configuration of the DOAS compared with the conventional all-air system. 
 
 
 
 
 
 
 
 
(a) Conventional all-air system (b) Dedicated outdoor air system 
 
Fig. 1 The configurations of a dedicated outdoor air system and all-air system. 
 
From the figure, the prominent feature of the DOAS is to provide dedicated ventilation rather than 
ventilation as part of conditioned air. The fresh air is brought into a building to satisfy the latent load, 
ventilation requirement and part of space sensible load. Compared to the all air system, DOAS are less 
noise, lower draft and better thermal comfort for occupant and also potentially less energy consumption.  
DOAS can save energy through using water as heat carrier to lower energy usage related to air transport.  
It also allows reducing duct size since they only cater for the outdoor air intake. In addition, the parallel 
system of AHU is categorized as a high temperature cooling system, which can lead to a higher 
coefficient of performance (COP) of the refrigeration cycle [11]. Regarding the DOAS, various devices 
are combined together for handling the building load by cooling, heating, dehumidification and 
humidification. Feature of heat recovery can also be included for the system performance enhancement. 
Such devices are deep cooling coil, heater, humidifier, sensible wheel, enthalpy wheel and run-around 
coil. Literatures show that the DOAS offers a good potential for reductions of the first and operating costs 
[12]. However, combinations of different devices offer distinct energy performance under different 
climates [13]. 
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3. Analysis of the DOAS 
 
In the study, five DOAS configurations were evaluated for their performance when operate in an 
office building under the hot and humid climate of Thailand. The cooling load of each configuration was 
calculated and compared to the conventional all-air system. The weather record from a meteorological 
station was used to facilitate the analysis. The station was located on the roof deck of a seven-story 
building of the school of Bio resources and Technology, in Bang Khun Tien Campus, King’s Mongkut 
University of technology, Thonburi (latitude 14.5qN and longitude 100.5qE). 
 
3.1 Weather 
 
Figure 2 exhibits a plot of the hourly temperature and humidity of the ambient air recorded at the 
station. The data were extracted only for working days from Monday to Saturday, at 8:00-18:00. From the 
plot, the air has the dry-bulb temperature in a range of 18-40qC and humidity ratio from 8-20 gw/kgda. 
 
Weather Condition 
Temperature 
(qC) 
Humidity Ratio  
(gw/ kgda) 
Max Min Avg. SD Max Min Avg. SD 
Cold and dry 38.2 16.9 27.5 4.5 19.1 5.4 13.7 2.6 
Hot and humid 38.8 23.4 29.1 3.5 20.8 13.8 17.6 1.3 
Hot and dry 40.7 21.3 29.4 4.1 21.6 7.5 17.3 2.1 
Late rain 39.0 22.8 28.7 3.6 20.5 12.3 17.7 1.2 
                                
 
 
 
 
Fig. 2 Bangkok weather on the psychometric chart: the data in the office hours. 
 
3.2 Building model 
 
A typical office building was modelled for the analysis of the studied air-conditioning systems. The 
building was a square shape of 1,600 m2. The facades face the four cardinal orientations (N, E, S and W). 
The opaque walls were a 0.10 m. brick layer with mortar plastering on both sides. The overall thermal 
conductivity of the wall (Uw) was 3.08 W/(m
2.K). The windows were a single pane heat reflective glass 
with the overall thermal conductivity (Ug) of 5.8 W/(m
2.K) and the solar heat gain coefficient (SHGC) of 
0.38. The window-to-wall ratio of the building was assumed 0.4. The roof of the building was a 0.15 m. 
concrete cement with 0.05 m. fiberglass insulation over the ceiling. The attic air between the cement and 
the insulation was 0.4 m high. The ceiling was 0.09 m. gypsum board. The overall thermal conductivity 
of the roof was 0.15 W/(m2.K).  It was assumed that the office was operated six days a week (Mon.-Sat.) 
from 8:00-18:00. The power density of the lighting and the equipment was at 10 W/m2 and 12 W/m2, 
respectively. The building occupancy was assumed at 1 person for 10 m2 floor area. Figure 3 exhibits the 
variations of the lighting and equipment power with time. The variation of the occupancy is also shown. 
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(a) Lighting (b) Equipment (c) Occupancy 
 
Fig. 3 The variations of the lighting, equipment and occupancy. 
3.2 DOAS 
 
Five configurations of the DOAS were established to evaluate their energy performance against the 
conventional all-air system. Figure 4(a) illustrates the all-air system (Configuration 1) that an AHU was 
used to handle the space load and the ventilation load. The outdoor air (OA) was supplied directly to the 
AHU with no pre-conditioning. To ensure sufficient ventilation, it was also supplied into the building at 
the constant rate for the maximum occupancy. 
 
 
 
 
 
 
 
  
(a) All-air system 
(Constant air volume) 
(b) DOAS with a cooling coil 
(CC) 
(c) DOAS with CC 
and run-around coil (RC) 
 
 
 
 
 
  
(d) DOAS with CC 
and enthalpy wheel (EW) 
(e) DOAS with CC+EW 
and sensible wheel (SW) 
(f) DOAS with CC+RC+EW 
 
Fig. 4 The selected configurations of the all-air system and the DOAS in the study. 
 
Figure 4(b) shows Configuration 2 that the DOAS was equipped with a cooling coil. The outdoor air 
is cooled and dehumidified before it is delivered as supply air (SA) into the building. For Configuration 3 
(Fig. 4(c)), a run-around coil was integrated with the cooling coil for pre-cooled the outdoor air before 
entering the cooling coil and reheating the air after leaving the coil. In Fig. 4(d), an enthalpy wheel was 
integrated in series with the cooling coil, thus offering a feature of heat recovery from the exhaust air.  
This combination of the devices was assigned as Configuration 4. Configuration 5 was identical to 
Configuration 4 but a sensible wheel was equipped to the system after the cooling coil. For Configuration 
6, it was configuration 2 that equipped with the enthalpy wheel for obtaining the heat recovery feature.  
 
3.3 TRNSYS modelling 
 
TRNSYS software was employed to simulate the operation of the all-air air-conditioning system and 
the DOAS. The cooling load was calculated for each configuration in order to achieve the same desirable 
of the dry-bulb temperature of the indoor air at 25qC and the relative humidity of 50%. Table 1 
summarizes the TRNSYS modules that were used in the simulation. 
Table 1 The TRNSYS modules that were used in the simulation. 
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Device TRNSYS module Description 
Cooling coil Type 752 
A simple cooling coil where the air is cooled as it passes 
across a coil containing a working fluid. 
Run-around coil Type 689 
A run-around coil for air applications. This device transfers 
sensible heat from an inlet air stream to a secondary air 
stream. In many applications the secondary air stream is the 
original inlet. 
Enthalpy wheel Type 667 
An air to air heat recovery device in which two air streams 
are passed near each other so that both energy and possibly 
moisture may be transferred between the air streams. 
Sensible wheel Type 760 
This component models similar to type 667 but only sensible 
heat can be transferred between the air streams. 
Building Type 56 
This component models the thermal behaviour of a building 
having at least one thermal zone. 
Weather Type 99 
This component serves the main purpose of reading weather 
data at regular time intervals from a data file and processing 
the solar radiation data. 
 
4. Results and Discussions 
 
4.1 Simulation for a hot and humid day 
 
The operation of each DOAS configuration was investigated for the four weather periods (shown in 
Fig. 2). However, due to the space limitation, the results of the one-day simulations for the hot and humid 
period are chosen to present. Figure 5 shows the solar radiation and the ambient air condition on the 
selected day. It can be observed that the solar radiation is high up to 850 W/m2 at noon. The ambient air 
temperature also reaches 38qC and the humidity ratio is about 19 gw/kgda. The weather in Fig. 5 is used as 
the input by TRNSYS. Fig 6(a) shows the simulation result of the reference Configuration 1: All-air 
system. It can be observed that the total ventilation load varies between 45-60 kWth during the office 
hours. The sensible load of the ventilation varied in accordance with the ambient air temperature. But the 
latent heat possesses the larger share in the total ventilation load. 
 
                       
Fig. 5 The solar radiation and ambient air condition of the simulation day for hot and humid period. 
 
TRNSYS also calculated the space cooling load due to the external heat gain through the building 
envelope and the internal heat gain from lighting, equipment, and occupants. By including the ventilation 
load, the total system cooling load can be shown as in the figure. The total cooling load increases from 
130 kWth at 8:00 am to its peak of 200 kWth at 3:30 pm. The segregated loads of the sensible and latent 
heat are also shown in the plot. It is observed the sensible load is higher than the latent load except before 
9:30 am. The ventilation also contributes 25-35% of the total system cooling load. 
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(a) All-air system 
(Constant air volume) 
(b) DOAS with a cooling coil 
(CC) 
(c) DOAS with CC 
and run-around coil (RC) 
   
(d) DOAS with CC 
and enthalpy wheel (EW) 
(e) DOAS with CC+EW 
and sensible wheel (SW) (f) DOAS with CC+RC+EW 
 
Fig. 6 The selected configurations of the all-air system and the DOAS in the study. 
 
Figure 6(b) shows the load distribution of the system Configuration 2. It can be seen that 
Configuration 2 has the identical total system load to Configuration 1. However, as this configuration 
dedicates a cooling coil where the ambient air is reduced its temperature to 12qC before supplied into the 
building; the sensible and latent loads of the DOAS are greater than the ventilation load of Configuration 
1. The total load of the DOAS (the cooling coil) is about 80-90 kWth. The sensible load at the DOAS is 
rather comparable to the latent load (40-50 kWth). In this situation, the ventilation air handles part of the 
space cooling load. Configuration 2 has a smaller size of the AHU than Configuration 1. 
Figure 6(c) shows the load distribution of Configuration 3 where the cooling coil is now equipped 
with a run-around coil. The temperature of the leaving air from the cooling coil is still maintained at 
12qC. It is apparent that the total load at the cooling coil is about 60 kWth, smaller than that of 
Configuration 2. The smaller latent load of both the DOAS and the system indicates that there is the 
moisture condensation from the ambient air at the pre-cooling coil using the recovery heat. The total 
system cooling load can be slightly decreased with the run-around coil. Examining at the AHU, its size is 
larger when compared to that of Configuration 2. 
In Fig. 6(d), the load distribution of Configuration 4 is presented. It is obvious that the apparent load 
(both sensible and latent heat) at the DOAS can be significantly reduced by the enthalpy wheel. The total 
DOAS load is about 48 kWth, reduced by 20% compared to Configuration 3. It should be remarked that 
the latent load at the DOAS is also smaller than its sensible load. Under this configuration, the total 
system load is also reduced. The enthalpy wheel takes a part of the space cooling load. 
Figure 6(e) shows the loads simulated for Configuration 5. It is observed that integration of the sensible 
wheel in the DOAS can reduce further the DOAS load from Configuration 4. However, it seems that it 
results in a larger size of the AHU, thus the total system load is almost the same. For Configuration 6, the 
DOAS load is smallest among all considered configurations. The load is about 25 kWth with comparable 
amounts of the sensible and latent heats. Compared with Configuration 5, integration of the run-around 
coil slightly reduces the system sensible load. 
 
4.2 Annual simulation for the DOAS 
 
In this section, the annual simulations are carried out to evaluate the energy performances of the 
DOAS under the four weather periods and for the whole year. As it has been found that many buildings in 
Thailand turn off their ventilation systems with an aim to reduce the ventilation load, this specific case is 
thus included in the analysis. Figure 7(a) shows the simulation results for the cold and dry period. It can 
be observed that the total cooling load of the conventional all-air system is 139,700 kWhth over the 
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period. As the temperature and humidity of the ambient air are rather low, turning-off the ventilation 
system does not offers significant reduction of the total cooling load. For the DOAS configuration 2, its 
total cooling load is identical to that of Configuration 1. All remaining DOAS configurations offer lower 
total cooling load but only a few percent. For the hot and dry period, the total cooling load of each 
configuration obviously increases. The all-air system has the load of 168,686 kWhth or 17% higher than 
that of the cool and dry period. This amount of the load is close to that of Configurations 2 and 3. For 
Configurations 4-6 that the enthalpy wheel is equipped, the load is about 130,475 kWhth; just a bit higher 
than the case of turning-off the ventilation system. Figure 7(c) and (d) shows the total cooling loads of the 
DOAS for the hot and humid period and the late rain period, respectively. The results are in the similar 
trend with that of the hot and dry period but the total cooling loads of those in hot and humid and late rain 
period are lower. 
 
  
(a) Cold and dry (b) Hot and dry 
  
(c) Hot and humid (d) Late rain 
 
Fig. 7 The cooling load (kWhth) of the DOAS under the four weather periods. 
 
  
(a) Annual cooling load (b) Peak cooling load 
 
Fig. 8 The annual simulation results of the DOAS. 
Figure 8(a) shows the total cooling load simulated for the whole year. According to the plot, the 
system with the enthalpy wheel reduces the cooling load approximately 19-24% of the total cooling load 
while Figure 8(b) shows the peak cooling loads where there is no significant among all configurations. 
 
5. Conclusion 
 
The energy-efficient DOAS configuration was determined for office building in hot and humid 
climate of Thailand. In the compliance with the requirement of Thailand’s ventilation standard, the 
DOAS of the combination of a cooling coil with a run-around coil and an enthalpy wheel offers the 
smallest loads of the ventilation and also the air-conditioning system. The heat recovery by the enthalpy 
wheel reduces significantly the ventilation load. Although the run-around coil can reduce a fraction of the 
load, it enhances the moisture extraction performance of the cooling coil by pre-cooling the outdoor air 
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before it enters the coil. The simulation results show that 19-24% reduction of the total air conditioning 
could be achieved by this DOAS configuration. 
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